Spondias mombin L. is a fruit species native to the Amazon with great marketing potential. The aim of this study was to examine the meiotic behavior and pollen viability of S. mombin. Flower buds at various developmental stages were collected for analyses of pollen viability, in vitro germination, and meiotic behavior. S. mombin is diploid with 2n = 2x = 30 chromosomes. Meiosis showed to be regular, with only 13.3% of cells with abnormal division. A high meiotic index was found: 96.5%. Pollen viability did not differ between male (96.3%) and bisexual (96.7%) flowers, and the overall mean of viable pollen was considered high (96.5%). Pollen germination occurred in all tested media, with the treatment containing 20% sucrose and 50 mg mL -1 boric acid being the most suitable. The highest pollen germination means occurred after 36 h of incubation. The obtained information can be used in the planning and implementation of commercial crops of the species.
INTRODUCTION
The genus Spondias belongs to the family Anacardiaceae, where it stands out for comprising important fruit species that are economically exploited in tropical and subtropical regions of the world. One of such species is Spondias mombin L., popularly known in Brazil as cajazeira or taperebá (Mitchell & Daly, 2015) . The fruit of S. mombin has great market value, especially in north and northeast Brazil, where it occupies a prominent place in pulp production (Cassimiro et al., 2009) . Spondias mombin L. contains elevated levels of potassium, magnesium, phosphorus, copper, phenolic compounds, antioxidants, and carotenoids when compared with other fruits (Mattietto et al., 2010; Tiburski et al., 2011) . Its composition therefore provides it with elevated nutritional and functional value, which can be associated with the prevention of various diseases (Tiburski et al., 2011) .
The increasing demand for S. mombin has aroused the interest in cultivating this species, which is considered to still be under domestication (Cassimiro et al., 2009) . Fruit production in S. mombin is achieved through extractivism and from domestic orchards, resulting in annual variations in the harvests that influence the pulp processing industry and its market demands (Oliveira et al., 2012) . The little knowledge and inexistent information about S. mombin and its entire production chain hinder the development of a production system (Souza et al., 2006) . In this regard, there is a need for information that contributes to the establishment of commercial orchards able to maintain production and meet the market demands, including the reproductive aspects of this species.
Reproduction is one of the main pillars for the maintenance of an economically viable crop, whether through vegetative or sexual propagation (Silva & Pinheiro, 2007) . Knowledge about the reproduction aspects of a plant contributes to the implementation of production systems, breeding programs, and conservation practices (Zen & Acra, 2005; Pozzobon et al., 2015) . In sexually reproducing species, the pollen grain is responsible for transporting the male gamete to the stigma in the female flower (Agostini et al., 2014) , playing a key function in the reproduction program and in the productivity of a plant (Arenas-de- Souza et al., 2014; Oliveira & Maruyama, 2014) . In this way, the crop yield is usually dependent on viable pollen grains (Patel & Mankad, 2014) .
The pollen grain originates from meiosis, an integrated and highly coherent process controlled by a large number of genes. It can be affected by the presence of mutant genes, which induce the formation of abnormal products (Pagliarini, 2000; Martins et al., 2010a) . Abnormalities in meiosis can lead to the formation of gametes with an unbalanced chromosome number, usually inviable, and to low plant yield (Nascimento et al., 2014b) .
Spondias mombin is very important for the growth of the Brazilian fruit market, but little information exists on the reproductive aspects of this species. Given this scenario, the present study was proposed to evaluate the meiotic behavior and pollen viability of S. mombin to generate knowledge for the implementation of crops, genetic breeding programs, and conservation of the species.
MATERIAL AND METHODS
Flower buds of S. mombin at different developmental stages were collected from individuals located in the municipality of Alta Floresta, extreme north of Mato Grosso State, Brazil. The material was fixed in absolute ethyl alcohol and glacial acetic acid solution (3:1 v/v) at the time of collection and transferred to 70% alcohol after 24 h, kept under refrigeration.
The meiotic behavior of S. mombin was assessed by counting meiotic cells obtained from flower buds of 10 individuals collected in bulk. To prepare the slides, anthers were separated and slightly macerated under a drop of 2% acetocarmine stain (Guerra & Souza 2002) . Slides were observed under a binocular microscope (Photonics Bio 2 LED -BEL) with a 40x lens. The different meiotic stages were analyzed and irregularities were counted.
Young buds from eight S. mombin individuals were used to estimat the meiotic index. Two thousand post-meiotic products were counted per individual. Tetrads with the four cells of the same size were considered normal, and any deviation (monads, dyads, triads, and polyads) were considered abnormal. The meiotic index was calculated according to Love (1951) , following formula 1: (1)
Pollen viability was estimated via colorimetric test in male and bisexual flower buds of eight individuals pre-anthesis, separately, to check for significant statistical differences between floral types and between individuals. Anthers were separated and slightly macerated onto slides under a drop of Alexander's triple solution. Pollen grains were classified as viable or inviable according to the staining, with viable pollen stained red/purple and inviable pollen stained green (Alexander, 1980) . A total of 2,000 pollen grains were counted per floral type and 4,000 were counted per individual. Viability data were transformed into percentage terms.
For the in vitro germination assay, we used pollen from fresh flower buds in pre-anthesis of three S. mombin individuals collected on the same day, in the afternoon.
Eight liquid growth media were tested: T1 -0% sucrose and 0 mg mL -1 boric acid; T2 -0% sucrose and 50 mg mL -1 boric acid; T3 -5% sucrose and 0 mg mL -1 boric acid; T4 -5% sucrose and 50 mg mL -1 boric acid; T5 -10% sucrose and 0 mg mL -1 boric acid; T6 -10% sucrose and 50 mg mL -1 boric acid; T7 -20% sucrose and 0 mg mL -1 boric acid; and T8 -20% sucrose and 50 mg mL -1 boric acid. Germination was evaluated at three incubation times: 12, 24, and 36 h. The growth media were distributed onto 60-cm-thick acrylic plates on which the pollen was deposited. Plates were maintained in a B.O.D. (Biochemical Oxygen Demand) incubator at a temperature of 25 °C (± 2 °C), in the dark.
The experiment was set up as a completely randomized design with an 8 × 3 factorial arrangement (8 = treatments; 3 = times) with four replicates. A total of 250 pollen grains were counted per replicate in each treatment and at each counting time. Pollen grains were considered germinated when the pollen tube reached or exceeded its diameter (Reis et al., 2011) . The percentage of germinated pollen grains was obtained by the following formula 2: N of germinated pollen grains Germination % = × 100 Total n of counted pollen grains
(2)
Pollen tube length was measured in ten pollen tubes from each treatment, which were selected at random after 36 h of incubation. Pollen grains were photographed with a CMOS 1.3 camera coupled to the microscope, using the Tsview 1.0.0.1. image capture system. Measurements were taken using ANATI QUANT software version 2.0.
The MI and pollen viability data obtained by the colorimetric test were subjected to analysis of variance and significant means were compared by Tukey's test (P < 0.05). In vitro germination percentage data were transformed using X arcsin 100
and then subjected to analysis of variance. Significant means were compared with each other via Scott-Knott test at a probability level of 5%. Statistical analyses were performed using Genes software (Cruz, 2013) .
RESULTS AND DISCUSSION
The meiotic analysis of the S. mombin individuals allowed to observe 15 chromosomes in a bivalent association, corroborating with the chromosome number found by Macêdo (2011) for the specie (2n = 2x = 30) ( Figure 1A ).
Meiosis in S. mombin was regular, because of the 837 cells analyzed only 13.3% cells presented irregularities. Among the irregularities, 14.4% consisted of chromosomes out off the equatorial plate, during metaphase I ( Figure 1B) ; 9.9% of delayed/early chromosomes in anaphase ( Figure 1C) ; 62.1% under asynchronous division ( Figure 1D) ; and 13.5% under lack of spindle fiber orientation ( Figure 1E ). Patterns of similar irregularities were found by Martins et al. (2010b) studying the meiotic behavior of different species of Capsicum, by Souza & Pereira (2011) in Passiflora species, and by Damasceno et al. (2010) in studies of the meiosis of Carica papaya L. and Vasconcellea monoica.
Cells with asynchronous division occurred more frequently, which was observed when both nuclei in meiosis II did not reach the same stage simultaneously and were found in different stages. This irregularity was also reported by Martins et al. (2010b) as the most common in the meiosis of different species of Capsicum.
Delayed and early chromosomes off the equatorial plate were observed in metaphase and anaphase I. This abnormality may originate micronuclei in meiosis II (Kiihl et al., 2010) and in the post-meiotic products, associated with the formation of unbalanced gametes and consequent formation of inviable gametes (Nascimento et al., 2014a) . No micronuclei were observed in S. mombin. However polyads were detected with a reduced cell in relation to the others, in 0.4% of post-meiotic products ( Figure 1F ), which may be related to the chromosomes found off the equatorial plate.
The lack of spindle fiber orientation was characterized by the presence of aligned chromosomes on the equatorial plate forming a T shape; i.e., on a transverse spindle ( Figure 1E ). This abnormality was described by Shamina Although the meiotic abnormalities directly influenced the post-meiotic products, the abnormalities observed in S. mombin did not considerably hinder the formation of post-meiotic products of the species, since it showed a MI of 96.5% (Table 1 ) and, according to Love (1951) , plants with a MI greater than 90% have high meiotic stability. The eight S. mombin individuals analyzed showed statistically different meiotic indices, but despite this difference, all individuals had a MI higher than 95% (Table 1 ). The abnormality found at highest frequency consisted of triads (Table 1, Figure 1G ) and is related to the type of abnormalities encountered during meiosis. The analyzed individuals displayed significantly different pollen viabilities across them, as shown in the analysis of variance (Table 2 ). According to Santos et al. (2006) and Zanotto et al. (2009) , pollen viability may have considerable variations both between individuals of the same species and between samples of the same individual. Flowering period (Dafni, 1992) , flower longevity (Arenas-de- Souza et al., 2014) , environmental alterations (Jesus et al., 2018) , and genotypic differences (Pozzobon et al., 2015; Diegues et al., 2015) can contribute to this variation. Therefore, to evaluate male fertility, it is important that population studies with distinct samples be carried out (Hoffmann & Varassin, 2011) , as is the case of the present work.
There was no significant statistical difference for the pollen viability of the floral types, indicating that both types contribute with viable pollen for reproduction (Table 2) . Similar results were found by Nadia et al. (2007) , who estimated the pollen viability of Spondias tuberosa Arruda and detected that viability did not differ between male and bisexual flowers.
Pollen viability in S. mombin was considered high, with values greater than 90% in all individuals assessed and an average of 96.5%, comprising all individuals and both floral types (Table 2, Figure 2A ). According to Souza et al. (2002) and Hister & Tedesco (2016) , pollen viability rates greater than 70% can be considered high. A similar finding was reported by Nadia et al. (2007) , who described pollen viability higher than 90% in Spondias tuberosa.
The growth media evaluated in this study enabled the pollen germination of S. mombin (Figure 2B-D) . There was a significant interaction effect between treatments (media) and incubation periods on pollen germination (Table 3) . Time positively influenced pollen germination: in treatments T2, T4, T7, and T8, the highest percentage of germinated pollen was found at 36 h (Table 3) . Overall, all means were higher in the period of 36 h, despite not differing statistically from the other incubation periods in all treatments. According to Gaaliche et al. (2013) , the highest in vitro pollen germination percentages are obtained in prolonged incubation periods, which was confirmed in this study for S. mombin.
Treatments T4 and T8 presented the best germination means after 36 h of incubation. Both treatments contained sucrose and boric acid. Although the germination mean of T8 did not differ statistically from that of T4 at 36 h, the latter showed a higher mean germination percentage. The pollen tube length of S. mombin was influenced by the treatments (Table 3) . Treatment T1, consisting of distilled water only, provided the lowest average length and was statistically different from the other treatments which contained only sucrose or sucrose combined with boric acid. This result indicates that the presence of these components contributes to the growth of the pollen tube. Sucrose has the function of providing energy for the development of the pollen tube and promoting osmotic balance between the growth medium and the pollen (Santos et al., 2011; Zambon et al., 2014) . Boric acid stimulates the growth of the pollen tube and prevents it from breaking (Frazon et al., 2006) .
The most suitable treatment for germination of S. mombin pollen in this study (T8) contained boric acid and the highest sucrose concentration tested (20%). All treatments in which boric acid or sucrose were present showed a significantly higher average pollen tube length than treatment T1, which did not have these components, suggesting that boric acid and sucrose improved the germination conditions in S. mombin. Patel & Mankad (2014) declared that germination and pollen tube growth increase as the concentration of boric acid is elevated. Nogueira et al. (2015) submitted that boric acid addition increases the efficiency of sucrose both in germination and in the growth of the pollen tube.
Viability data obtained by in vitro germination confirm the results of the colorimetric test. In both tests, viability was greater than 90%, considering the most suitable growth medium among those under evaluation (T8).
Plant fertility depends on meiotic regularity during the formation of pollen grains (Pereira et al., 2017) . The regularity and meiotic stability of S. mombin is reflected on the high pollen viability of the species, estimated both by the colorimetric test and in vitro pollen germination.
According to Souza et al. (2006) , S. mombin produces a large number of flowers, but only a few are fertilized and generate fruits, which is in general due to climatic factors such as winds, high temperature, low humidity, and physiological factors that cause flower abscission. These authors also found that pollinated flowers seldom undergo abscission; i.e., fertilization ensures the production of a new fruit. This characteristic confirms the meiotic stability and pollen viability found in this study, demonstrating that the pollen grains that reach the stigma are able to fertilize the ovule.
CONCLUSION
The species S. mombin showed great stability and meiotic regularity. Due to regular meiosis, pollen viability was high in the tested methods. This characteristic is import to reproductive success of the species.
For the evaluation of pollen viability in vitro of S. mombin, it is recommended the use of liquid germination medium constituted of 20% sucrose and 50 mg mL -1 boric acid, besides incubation for 24 to 36 h in the incubator B. O. D with temperature of 25 °C (± 2 °C) in the dark.
Information such as the obtained in this study helps to understand the reproductive processes that take place in S. mombin. It can be useful in the implementation Means followed by the same uppercase letter in the row and lowercase letter in the column do not differ by the Scott-Knott test (p < 0.05). S = sucrose; BA = boric acid; PTL = pollen tube length.
